A numerical analysis founded on the analog circuit model is applied to describe (surface or volume) defects and nonhomogeneities in materials, which can be detected through the Photothermal Deflection Method. Experimental results are also discussed.
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INTRODUCTION
The mirage technique has been proved to be very useful for nondestructive characterization of materials and layered structures, as for instance the detection of shallow buried defects1.2. In the present paper a numerical analysis of the photothermal deflection signal in an opaque material with defects is discussed. The Finite Difference Method (FDM)3 is applied to solve the Fourier heat conduction equation, using the "7 -points -3D molecule model" suitably optimized so that different kinds of nonhomogeneities can be studied, including cracks, bubbles if the thermal parameters and the volume dimension of the 3D grid is well set. The basic condition is that the finite dimension of the nonhomogeneity should be larger than the distance of the grid points. A 3D temperature distribution has been calculated, as well as photodeflection signal in its normal and lateral components.
A good agreement between experimental results and the numerical analysis is shown for the photodeflection angle in the case of a zirconate ceramic suffering a rectangular indentation.
NUMERICAL MODEL
The Finite Difference Method (FDM)3 has been applied to solve the nonhomogenous heat conduction equation. The " forward time centered space " algorithm has been used to solve the temperature distribution problem at a given time. The material has been modeled with the help of the "7 -points -3D molecule model" which assures a good accuracy.
Therefore the sample has been described by a 3D grid; each point of the grid is associated to a finite volume AX AY A2 small enough to consider approximately constant the temperature and Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1994721 the main thermal and optical properties (thermal conductivity, diffusivity and optical absorption) In this way a volume defect can be modeled as a volume of thermophysical properties different from the matrix. In order to increase the accuracy of the algorithm also in the case of samples with a small spatial scale of nonhomogeneities, the problem of the discontinuities between regions with different thermo-physical properties, has been solved by using the electrical analog circuit model. In this way the thermal conductivity, which should exhibit a discontinuity in different regions is described by an " effective " value: K, where K1 and K2 are the thermal conductivities of two close regions; between these regions the flux continuity condition has been used. With the electrical analog circuit model the thermal flux plays the role of the electrical current and the temperature increase plays the role of the voltage. The source term ( heat power density related to the pump laser source ) has been considered not only as a boundary condition at the air -material interface, but it is present inside the material due to the finite value of the electromagnetic absorption. The " absorption boundary conditions " have been used to avoid any thermal reflection from the numerical boundaries, while at the air-material interface the flux continuity has been considered.
The developed software is able to follow the temperature dynamics at the surface and in any position inside the material, for homogeneous and non homogeneous materials. fig.lb ) .The considered material is a zirconate ceramic whose thermal parameters are D (thermal diffusivity) = 0.01 cm2/s , K ( thermal conductivity ) 0.2 W/cm°K, c ( specific heat ) = 0.46 JIgPK, p ( density) = 6.08 grlcm3, the optical absorption was 103 cm -1.
EXPERIMENTAL SETUP
The photodeflection method used in its transverse configuration. The pump beam was a focused Ar laser (Power 1 W) time modulated by a mechanical chopper. The probe beam was an He-Ne, traveling close to the material surface. The detection of the probe signal was performed through a position sensor. Probe beam scan of the material has been controlled by computer. In Fig. 2 the comparison between experimental results and numerical analysis is shown for the photodeflection probe signal as a function of the lateral offsets between pump and probe in the case of a zirconate ceramic. The frequency of the mechanical chopper is f=16Hz. The Pump beam size which is focused into the indentation, is about 80pm. It is interesting to observe that the signal does not go to zero for large offsets, and several maxima and minima are present, mainly associated to the compression of the material and the presence of vertical cracks around the indentation. Several measurements have been performed also changing the position of the pump with respect to the indentation. Work is in progress to put into evidence numerically these effects .
CONCLUSIONS
A numerical method to detect defects and cracks present in a material have been studied. This method is able to follow the temperature dynamics and the photodeflection signal when nonhomogenities of the material over or under the surface are present. Numerical experiments, devoted to put into evidence the role of the cracks around a surface indentations are in progress. 
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